A study of the metabolism of amino acids was undertaken. Smith (1957) had shown that certain strains of PPLO metabolize glutamine, glutamic acid, and arginine. Morgan and his associates had been describing characteristic patterns in the metabolism of different strains of animal cells (summarized recently by Morgan and Pasieka (1960) ). Arginine is used by all strains studied, and glutamic acid and glutamine seem to regulate the amino acid metabolism at least in the case of Earle's L strain. It seemed reasonable to expect an effect of PPLO upon the metabolism of animal cells.
The mycoplasmas have often been ranked between the rickettsiae and the parvobacteria because of their morphology, nutritive requirements, and close association with animal tissues. While Shepard's (1960) studies are suggestive, the extent to which pleuropneumonia-like organisms (PPLO) may depend upon an intracellular environment has not been thoroughly explored. More definitive data on the associations of mycoplasmas and animal cells might supply better than philosophical support for their relationship to rickettsiae. During initial studies on this problem we have examined the ability of mycoplasmas or PPLO, growing intracellularly, to affect the metabolism of animal cells. Hayflick and Stinebring (1955) observed intracellular development of PPLO in HeLa cells. More recently, Edwards and Fogh (1960) have applied phase and electron microscopy to show the intracellular occurrence of PPLO and the cytoplasmic breakdown in some cells through effects of PPLO development.
A study of the metabolism of amino acids was undertaken. Smith (1957) had shown that certain strains of PPLO metabolize glutamine, glutamic acid, and arginine. Morgan and his associates had been describing characteristic patterns in the metabolism of different strains of animal cells (summarized recently by Morgan and Pasieka (1960) ). Arginine is used by all strains studied, and glutamic acid and glutamine seem to regulate the amino acid metabolism at least in the case of Earle's L strain. It seemed reasonable to expect an effect of PPLO upon the metabolism of animal cells.
Evidence is presented here that PPLO do provoke changes in the metabolism of amino acids by the L strain of mouse fibroblasts. Other observations on the behavior of PPLO also are summarized.
MATERIALS AND METHODS
PPLO strains. The strains were obtained from A. S. Greig, Animal Diseases Research Institute, Hull, Quebec, in 1958 . Strains isolated from sheep are designated 66JL and 92K. The fermentation reactions of these strains were typical (Greig, 1955) . Strain 4818, an avian strain isolated by Greig, was also used; it was nonfermentative.
Several attempts were made to isolate strains from mice and from the buccal cavity and finger nails of humans; although typical colonies grew in large number in many of the initial cultures, the strains were lost after the third or fourth transfer on agar and none could be established in broth culture. Human strains 07, 39, and 48, obtained from Paul Smith, University of Pennsylvania, did not grow well in the broth medium used in most of our studies and were lost on transfer. 288
1METABOLISM OF MYCOPLASMA-INFECTED CELLS
Media for PPLO. The liquid culture medium was composed of Myosate (BBL), 1.0 g; yeast extract (Difco), 1.0 g; NaCl, 0.3 g; in 100 ml of doubly distilled water, adjusted with KOH to pH 7.6 to 7.8. This medium with serum supported growth of strains 66JL and 4818 to populations of one-half to one billion or so per ml in 2 days from inocula of about three million per ml. Later experiments showed that a broth of 3 to 5% Myosate plus serum gave even better growth.
Counts of PPLO were made on PPLO agar (Difco) which gave the same results as the Myosate broth plus agar. PPLO serum fraction (Difco) (1 %) was added to the broth and agar media and was satisfactory for the strains of PPLO obtained from Greig; horse serum or ascites fluid gave no better growth.
Counts of PPLO. In early experiments physiological saline was used for dilutions but later the Myosate broth was shown to give higher and more reliable counts. Dilutions were made in small tubes containing exactly 0.9 ml of broth. Pipets of 0.1-and 0.2-ml capacity, divided into 0.01 ml, were used. Experiments showed that more reliable counts were obtained in 100-mm than in 60-mm petri plates. From dilution tubes 0.01 ml was added to quadrants of the large plates. The plates were incubated upright at 37 C for 1 day, and then inverted and put into a closed container and incubated for 4 more days. Counting of the colonies was facilitated by an AO stereoscopic microscope. The colonies could be seen readily without staining when the frosted side of the mirror was adjusted properly. The contrast of the colonies could be enhanced by adding MnCl2 (10 to 40 ug/ml) to the plating medium; they became brown but were somewhat smaller. When the plates were handled carefully the colonies usually were located in a small circle and could be counted quickly.
Strains of animal cells. Cell cultures. Cultures were grown in 4-oz prescription bottles; the inoculum was usually one million cells, occasionally one-half million. The cultures were fed with 7 ml of the medium. The bottles were gassed with 5% CO2 in air and stoppered. They were incubated at 37 C. Usually within 4 days the monolayer was continuous and by 7 days the cells were becoming crowded. Counts made after 2 weeks showed populations of 5 to 8 million cells per bottle, which did not increase appreciably through the next 3 weeks. One-, two-, and three-week cultures were used in these experiments. The pH of the cultures remained at 7.2 to 7.4 without gassing; the medium became acid only after 8 to 10 days on the cells.
The cultures were inoculated with PPLO in the following way. Broth cultures of PPLO were used after incubation for 48 to 72 hr which was shown by growth curves to be the late logarithmic or early stationary phase. Cultures were spun at 2,500 rev/min in an International refrigerated centrifuge for 30 min and the pellet was resuspended in medium 199; the PPLO were spun out again and resuspended in medium 199 plus 2 % horse serum. Samples of this suspension were added to the medium fed to the cell cultures and to dilution tubes for making counts. Two to four cultures were inoculated, according to the needs of the assay. Bottles containing inoculated and uninoculated medium were incubated like the cultures.
At the time of assay, counts of PPLO were made from the supernatant fluid of the cell cultures, from the inoculated medium, and from the cells after treatment with trypsin and disintegration. Two or three drops of fluid from the control cultures were tested for presence of PPLO.
Preliminary experiments showed that freezethawing did not break up the cells sufficiently. 
RESULTS
A relatively simple means of detecting changes in the metabolism of amino acids by animal cells in culture has been used by Pasieka, Morton, and Morgan (1958a) . We found it convenient and sufficient for our initial probings. In this technique the pattern of amino acid metabolism of a strain of animal cells under a given set of conditions is determined by estimating the degree of uptake and accumulation of amino acids in the culture medium after a period of incubation. This is done by comparing the medium and culture supernatants by co-chromatography on paper. To determine the effect of PPLO upon the metabolism of animal cells, we compared the medium with the medium spent by noninfected cells and the medium spent by infected cells. To determine whether or not an alteration in the pattern of metabolism was due to a summation effect (PPLO metabolism superimposed upon cell metabolism), we In a more thorough study the following items were analyzed: growth rate and survival of PPLO in the medium used for cell cultures and in supernatant fluids of cell cultures; growth rate of PPLO in cell cultures and the relative concentrations of amino acids in the medium before and after feeding of noninfected and infected cell cultures.
Survival of PPLO in tissue culture medium and in supernatants of cell cultures. The ability of t Cultures were analyzed for metabolism of amino acids (AA) 6 or 7 days after infection, except in experiment 6, when they were analyzed after 15 days. + = an observed alteration (see Table 8 ). Medium: 199 + 2% horse serum; Pasieka et al. (1958) studied L strain in M150 with and without glutamine; M150 has the same composition as M199 except for the basal salts.
t Experiment 9 A and B, also experiment 10 A and B; same results with large and small inocula (see Table 4 ). $ C = controls, I = infected, + = increase, -= decrease; a double sign indicates a greater change than in the other set in the experiment; a blank indicates no detectable change.
[VOL...82 on August 29, 2017 by guest http://jb.asm.org/ Downloaded from or grew only slightly in the medium or in the supernatants of the culture fluids; no changes in the concentrations of amino acids were detected. Even when the inocula were comparable to those populations found in cell cultures showing altered metabolism, PPLO produced no changes in the concentrations of amino acids in the TC medium. To see what very large inocula could do, PPLO from 30 ml cultures were harvested by high speed centrifugation, washed, and resuspended in the TC medium. The suspensions and the medium were incubated under TC conditions for 3 days. The concentrations of viable PPLO in these suspensions were 2.3 billion/ml with strain 4818 and 1.7 billion/ml with strain 66JL. After 3 days, the populations had decreased 100-fold in the case of 4818 and 10-fold with 66JL. Plate counts of 92K were not reliable but indicated at least 100 million/ml. The supernatants of these cultures and the TC medium were analyzed for amino acid content. The results, summarized in Table 8 , show that even though viability appeared to decline rapidly each strain produced specific changes in the medium. The patterns of these changes were not identical with those in the infected cell cultures. Apparently, the tissue cells produce an environment that is favorable to the PPLO. The evidence strongly suggests that the intracellular environment is essential. Table 7 shows that the major portion of the PPLO population was present in the cells but as the cytopathological effect increased, more PPLO occurred in the culture fluid presumably released from disintegrating cells or associated with cellular debris. Edwards and Fogh (1960) found that only heavily infected cells showed a cytopathological effect. Both physical and chemical characteristics of the intracellular environment may be stimulatory to the PPLO. Limited information on the metabolism and specific nutritional requirements of PPLO does not provide a basis for speculation on this point. However, it is possible to evaluate some of our results in terms of an interaction of cells and PPLO. Smith (1960) has summarized his observations on the amino acid metabolism of human strains of PPLO. The following amino acids were utilized by nonproliferating organisms: glutamine and arginine with accumulation of glutamic acid and citrulline and ammonia; histidine, leucine, and threonine only under aerobic conditions; tyrosine, tryptophan and aspartic acid, chiefly under anaerobic conditions; and glutamic acid with accumulation of A-pyrroline-5-carboxylic acid and proline. PPLO used citrulline and produced ornithine, adenosine triphosphate (ATP), ammonia, and carbon dioxide; ornithine inhibited this reaction.
According to the few experiments that we have performed, various strains of PPLO show different patterns of utilization of the amino acids in a defined medium (199) Information on the amino acid metabolism of cell cultures has been summarized recently by Morgan (1958) , Eagle (1959) , and Lucy (1960) . With regard to the L strain of fibroblasts the cells of clone 929 take up some amino acids and accumulate others during maintenance in a defined medium (last two columns in Table 8 , from Pasieka, Morton, and Morgan, 1958b) . According to Sinclair (1960) , this strain in a completely defined medium (Waymouth's) showed a rapid uptake of glutamine and accumulation of glutamic acid; ammonia also accumulated, even in the cell-free incubated medium. The concentration of glycine and alanine also increased. Manson and Thomas (1960) found that these cells broke down arginine to ornithine and ammonia and could use citrulline alone in place of arginine. Primary cultures of chick tissue did not accumulate ornithine or citrulline, but primary cultures of trypsin-treatedmonkeykidney did (Pasieka et al., 1958a) . For maintenance or growth of embryonic chick heart cells arginine could be replaced by high concentrations of citrulline (Morgan, Morton, and Pasieka, 1958; Tytell and Neuman, 1960) . When there is considerable accumulation of ammonia as a result of breakdown of glutamine or deamination of arginine and other amino acids, the utilization of glutamic acid by the cells might be affected if the results of the work of Fisher and McGregor (1960) are of general significance; they found that ammonia (5 X 10-3 M) inhibited the glutamic dehydrogenase reaction.
According to our results the L strain cells in medium 199 plus 2% horse serum metabolized the amino acids somewhat differently than when maintained in a completely defined medium (Pasieka et al., 1958b) . On the other hand, perhaps our results can be explained on the basis of observations of Pasieka et al. that no amino acids accumulated when glutamine was omitted from the medium. Possibly, our cultures of L strain metabolized the amino acids in the medium as in the M150 medium until glutamine became limiting; then, the metabolism was altered to the pattern observed in glutamineless medium. Another possibility is that serum, even in low concentration, affects the metabolism of amino acids by these cells. However, this study was not intended to be a critical evaluation of the amino acid metabolism of the L strain. Rather, this relatively simple methodology was applied to determine whether PPLO would affect the metabolism of tissue cells. It is obvious that they do. But to explain the effects that were observed more quantitative analyses are needed, especially upon alanine, glutamate, proline, and an unknown ninhydrin-positive compound that could be ornithine. The accumulation of glutamate in infected cultures could have resulted from increased breakdown of glutamine. The unknown compound apparently was a product of PPLO metabolism and accumulated only in cultures infected with PPLO strain 4818. If it is ornithine, it probably was derived from arginine. With regard to the changes in the concentration of alanine, Kagawa et al. (1960) reported marked uptake of alanine by strain L cells in protein-free media, whereas Sinclair (1960) observed an accumulation in cultures in a similar medium. Barban and Schulze (1959) found that alanine was formed by cell-free extracts of L strain cells through transamination; on the other hand, alanine also was an active amino donor.
The significance of the utilization of glutamine and arginine by PPLO with regard to the cytopathological effect of these organisms on the cells is emphasized by the observation that the concentration of glutamine affects the arginine requirement of cells . It seems possible that heavy growth of PPLO intracellularly could reduce the glutamine and arginine to critical levels. It would be interesting to examine the influence of PPLO on cultures maintained in media with varying concentrations of glutamine and arginine. This is a report of preliminary work. More precise techniques are required to obtain definitive information on the interactions in this hostparasite relationship. Mycoplasma derived from the species of the tissue cells should be used in future studies. Other phases of the metabolism of infected cells should be investigated; for example, lipid metabolism, since PPLO seem to have unusual requirements.
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